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(57) ABSTRACT

A control unmit for an equipment arrangement 1s provided. The
control unit includes an 1maging modality, a measurement
device for measuring a control variable and a controllable
injection device for a regulatory substance influencing the
control variable, wherein the 1njection rate of the 1njection
device may be varied during a data acquisition such that a
proposed value for the control variable 1s reached.
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CONTROL UNIT AND MEDICAL
EXAMINATION APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority of German application No.
10 2011 085 503.3 DE filed Oct. 31, 2011. All of the appli-

cations are mcorporated by reference herein 1n their entirety.

FIELD OF INVENTION

A control unit and a medical examination apparatus 1s
provided.

BACKGROUND OF INVENTION

When, for example, the cardiac perfusion, 1.e. the circula-
tion of blood through the heart, 1n a patient 1s to be examined
by means of a magnetic resonance tomography (MRT) sys-
tem, the cardiac perfusion is typically measured 1n a rest state
on the one hand and in a stress state on the other. This 1s
necessary because 1t can only be ascertained when coronary
vessels are dilated under stress whether a stenosis, 1n other
words a narrowing of the vessels, 1s functionally relevant. In
the rest state the stenosis 1s usually “masked” by the compen-
satory dilation of the vessel. This means that a blood flow
typical of the rest state 1s ensured owing to the elasticity of the
vessel 1 spite of the narrowing. Only under stress does the
blood flow rate increase to such an extent that that the nar-
rowing possibly can no longer be compensated for by the
clasticity of the vessel. Accordingly 1t 1s only revealed 1n the
stress state whether a further opening of the vessel 1s possible
or whether the functioning of the vessel 1s compromised by
the narrowing to a point where 1t becomes problematic.

When the patient 1s undergoing the MRT examination, the
stress state for the heart can be induced only with extreme
difficulty by means of a physical stressing of the patient.
Moreover, some patients are in a condition which 1s not con-
ducive to their being exposed to a physical stress. For this
reason the stress state for the heart 1s often iitiated by admin-
1stering a chemical substance to the patient by means of an
injection.

In such a scenario 1t 1s common practice at the present time
to select a dose for the patient based on the patient’s body
welght from a table and to 1nject said dose during the actual
examination. The examination of the patient by means of the
imaging modality, in other words the MRT system, 1s accord-
ingly carried out independently of how the patient actually
responds to the injection, so that the desired specification of
the stress state for the purpose of investigating the cardiac
perfusion 1s only possible to a limited extent 1n this case. In
principle no coordination takes place between the dosage, the
injection and the actual examination.

SUMMARY OF INVENTION

Starting from this premise, an object 1s to disclose a control
unit and a medical examination apparatus with the aid of
which an injection device and an imaging modality for an
examination can be better coordinated with one another.

With regard to the control unit, this object 1s achieved by
means of a control unit having the features of the claims. The
related claims contain 1n part advantageous and 1n part per se
inventive developments. With regard to the medical exami-
nation apparatus, this object 1s achieved by means of a medi-
cal examination apparatus having the features of the claims.
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The control unit described herein below 1s provided for an
equipment arrangement which comprises an imaging modal-
1ty, a measurement apparatus for measuring a control variable
and a controllable 1njection device for a regulatory substance
influencing the control variable. In this arrangement the con-
trol umit 1s configured 1n such a way that the value or the
development over time of at least one device parameter, 1n
particular the injection rate, of the injection device 1s varied
during a data acquisition such that a proposed value for the
control variable 1s reached. A kind of closed-loop control
circuit 1s therefore implemented by means of the equipment
arrangement and used to coordinate the imaging modality, for
example a magnetic resonance tomography (MRT) system or
an (x-ray) computed tomography (CT) system, with the con-
trollable mnjection device, for example a syringe pump, for the
purpose of examining a patient. The data acquisition taking
place 1n the course of the examination 1s intended to enable a
medical professional subsequently to produce a diagnosis on
the basis of the data generated and collected 1n the process.

The regulatory substance 1s 1n particular a liquid chemical
substance containing a stress-initiating active agent which
puts the patient’s heart 1into a stress state, whereupon a mea-
surement of the cardiac perfusion 1n the stress state 1s per-
formed. Thus, 1n a similar manner to a so-called stress elec-
trocardiogram (stress EC(G), an examination 1s carried out in
which the cardiovascular system, and in particular the heart,
1s exposed to increased stress compared to a rest state of the
patient. In this case, however, the additionally imposed load
or stress state for the heart 1s not caused by a physical stress or
exertion of the patient, 1n other words by an additional physi-
cal activity, but as 1t were artificially by means of the regula-
tory substance and 1ts active agent.

In this situation the measurement apparatus i1s used to
determine the current stress level or stress state of the patient,
for example by monitoring the patient’s heartbeat or blood
pressure. On the basis of this information the injection device
1s thereupon actuated such that a proposed stress level and
consequently the proposed stress state 1s reached for example
by means of a chosen injection rate for the regulatory sub-
stance and the subsequent response of the patient to the
injected dosage rate of the regulatory substance. With the
patient 1n precisely this stress state, the actual examination 1s
then started, with image data for a later diagnosis being gen-
erated and collected as part of the data acquisition process by
means of the imaging modality. The regulatory substance 1s
not a contrast agent. However, a contrast agent 1s further
preferably employed 1n addition within the scope of the actual
examination of the patient by means of the imaging modality.

Through the use of the thus realized closed-loop control
circuit 1t 1s possible not just to specily a proposed stress level
that 1s particularly favorable for the chosen examination, but
also to limit the stress for the patient caused by the examina-
tion and 1n particular by the regulatory substance to a rela-
tively low amount. It 1s important to take into consideration in
this situation that regulatory substances, as required for
examinations 1n a stress state, represent a significant load for
the patient’s body which 1s associated with an altogether
relevant health risk, in particular for a weakened patient.
Accordingly it 1s desirable to choose the lowest possible dose
of the regulatory substance to be administered during the
examination, while at the same time 1t 1s also necessary to
reach the stress level required for the examination. The major-
ity of regulatory substances furthermore contain an active
agent with which a manual dosage, based for example on a
value table, tends to prove rather unfavorable and sometimes
difficult, since said active agents produce very different, and
therefore highly specific, reactions in potential patients. A
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widely used active agent 1s for example Adenosin®, which
typically 1s injected at an injection rate of 2-5 ml per minute
at a concentration of 3 mg per ml over a period of 5 minutes.
Adenosin has a very short hali-life 1n the region of a few
seconds 1n the body of the patient. The hali-life, which con-
stitutes a measure of how long the patient’s response to the
active agent persists, 15 dependent 1n this case on the degra-
dation rate of the active agent in the body of the patient and
varies considerably from patient to patient. Accordingly, a
manual dosage, 1n particular on the basis of a value table
which specifies a dosage as a function of the patient’s body
weight, 1s extremely imprecise. By means of the herein-de-
scribed control of the 1injection rate with simultaneous moni-
toring of the patient’s response to the injection and a subse-
quent corrective regulation of the injection rate it 1s, in
contrast, possible to successtully pursue the objective of
choosing the lowest possible dose of the regulatory substance
to be administered and at the same time produce the proposed
stress condition.

In this situation the injection rate i1s not, however, 1n all
cases the only device parameter whose value or whose varia-
tion with time 1s predefined and preferably varied automati-
cally by the control unit 1n order to reach the proposed value
tor the control variable. Depending on the embodiment of the
control unit, further device parameters, such as for example
the temperature of the regulatory substance or a mixing ratio
between a regulatory substance concentrate and a solvent, are
provided 1n addition or alternatively.

Also of advantage 1s a variant of the control unit 1n which
the equipment arrangement includes a monitoring device
which 1s used for measuring a check variable which can be
influenced by the regulatory substance. In this case the moni-
toring device serves in particular as an additional sateguard
for the patient. It 1s used to check whether the patient’s
response to the mjected regulatory substance follows the pre-
dicted course or whether for example an unexpected or unde-
sirable response occurs due to an allergic reaction. Depending
on its embodiment, the monitoring device 1s in this case
realized by means of the measurement device as well as the
control unit, though a variant 1s preferred in which an addi-
tional and preferably independently operating monitoring,
device 1s used for monitoring the check variable. If an abnor-
mal, 1.e. undesirable, trend 1n the development over time of
the check variable 1s indicated or 11 the latter deviates from a
reference value, the equipment arrangement, and 1n particular
the injection device, 1s switched to a safety mode of operation.
In the case of the examination of the cardiac perfusion by
means of MRT provision 1s for example made to use the
measurement device to measure the blood pressure as a con-
trol variable and at the same time to monitor the patient’s
heartbeat as a check variable by means of the monitoring,
device. By adjusting the injection rate for the regulatory sub-
stance, the patient’s blood pressure 1s raised to a predefined
value for the actual examination. The patient’s heartbeat 1s
monitored 1n parallel 1n order to ensure that the patient 1s not
subjected to any problematic stress over the course of the
entire examination. If the check variable monitored by means
of the monitoring device, 1n this case, by way of example, the
patient’s heartbeat, exceeds a predefined threshold or limit
value, an alarm event 1s triggered by the monitoring device,
for example 1n that an audible or visual signal 1s output.

In an advantageous development, an alarm event leads to
the equipment arrangement being switched to a satety mode.
In this case, depending on the particular embodiment variant,
the transition to the satety mode 1s imtiated by the monitoring,
device 1tself or by the control unit, which 1n this case either 1s
actuated by the monitoring device or accesses the monitoring
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device’s information by way of a signal communication con-
nection. Since by preference the equipment arrangement 1s
switched to a satety mode fully automatically, a time delay,
due for example to an operator’s reaction time, can be
avoilded, as a result of which critical situations for the patient
can be ruled out to the maximum possible extent.

Beneficial 1n this regard 1s an embodiment of the control
unit 1n which the imjection rate of the injection device 1s
reduced in the safety mode. As a result the patient’s stress
state 1s usually also reduced to a lower level if an alarm event
occurs, thereby avoiding a possible critical situation for the
patient. Even 11 in this case the imtially proposed value for the
control variable 1s not reached, there 1s still the possibility that
the stress level reached at this point 1n time 1s suificient for the
actual examination to such an extent that the already running
examination does not have to be aborted without a data acqui-
s1tion.

Alternatively hereto 1t 1s provided to switch off the injec-
tion device 1n the satety mode. In this case the injection, and
preferably also the entire examination, 1s instantly aborted
irrespective of whether the data acquisition has been com-
pleted or could still be completed. Such an immediate termi-
nation of the mjection of the regulatory substance is provided
in particular for regulatory substances which produce an
especially strong effect in the patient and in which for that
reason a reduction in the injection rate does not result 1n a
suificiently rapid reversal of the stress level.

According to a further advantageous embodiment of the
control unit, a first and a second limit value are specified for
the check variable, the 1njection rate of the mjection device
being reduced if the check variable exceeds the first limit
value, and the injection device being switched off 11 the check
variable exceeds the second limit value. In this way a two-
stage safety system 1s realized 1n which the advantages of the
two above-described variants are combined. After the first
limit value has been reached there 1s mitially effectively a
waiting interval to establish whether or not the desired low-
ering of the stress level 1s achieved by means of a predefined
reduction in the 1njection rate or by means of a multiple, in
particular stepwise, reduction in the injection rate. Only when
the reaching of the second limait value thereupon indicates that
the desired reduction 1n the stress level cannot be achieved, or
cannot be achieved suiliciently rapidly, by a reduction in the
injection rate, 1s the injection aborted completely.

It 1s furthermore of advantage if the injection rate 1s
increased during the data acquisition, starting from a pre-
defined base value, at a predefined rate of increase until the
proposed stress state 1s reached. In this way the injection rate
which brings about the proposed stress state 1n the individual
patient 1s approached incrementally with each examination.

A contrast agent 1s expediently injected in addition to the
regulatory substance, a common 1njection device preferably
being used for this purpose.

According to another very beneficial embodiment variant,
the measurement device and/or the monitoring device are/1s
embodied for measuring a heart rate, the heart rate being
provided as a control variable and/or as a check vaniable. The
heart rate 1s suitable for example during the cardiac perfusion
examination both as a control variable which represents the
stress state of the heart, and as a check variable which accu-
rately reflects the general condition of the patient. For this
specific examination 1t 1s accordingly possible to realize a
particularly simple equipment arrangement 1n which the mea-
surement device and the monitoring device are embodied by
means of a common device. It 1s, however, preferred that the
measurement device and the momitoring device are realized
by means of redundantly operating measurement devices

.
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which are preferably controlled by a common control unit. In
addition, a further alternative embodiment 1s provided in
which the measurement device and the monitoring device are
in each case realized by means of an independent device
including a dedicated control unit, and 1n which the control
units are connected to one another for signal communication
purposes, 1n which case the control unit of the monitoring,
device takes precedence over the control unit of the measure-
ment device 11 an alarm event occurs.

Suitable in particular for directly or indirectly determining
the heart rate are what 1s known as a trigger ECG, which 1s
provided as standard 1n any case in a variety of imaging
modalities, such as for example 1n a computed tomography
system, a pulse oxymeter preferably integrated into the imag-
ing modality, an acoustic measuring instrument, an optical
measuring instrument, which records and analyzes the move-
ments of the patient’s thorax, a radar device, or the imaging,
modality 1tself, wherein 1n this case for example the changes
in the magnetic resonance signal of the coils, the 1mage data
or the so-called k-space data are evaluated and analyzed.

If the heart rate 1s provided as a control variable and/or as
a check variable, then the proposed stress state 1s also defined
or specified by way of precisely said heart rate, a value greater
for example than 100 beats per minute being provided. Alter-
natively or in addition, the proposed stress state can be
defined by way of a deviation with respect to a rest state, the
heart rate 1n the proposed stress state being increased for
example by at least 20 beats per minute compared to the rest
state.

In addition to the heart rate, the patient’s blood pressure 1s
also suitable for being used both as a control variable and as
a check variable. Accordingly, an implementation of the con-

trol unit 1s provided 1n which the measurement device and/or
the monitoring device are/ts embodied for measuring the
blood pressure.

A variant of the control unit 1s furthermore provided 1n
which the measurement device and/or the monitoring device
are/1s embodied for measuring a blood flow, the blood flow 1n
this case being provided as a control variable and/or as a
check variable. Not only the heart rate but also the blood
pressure and the blood flow have proved particularly suitable
variables for regulatory and/or for monitoring purposes.

An embodiment variant of the control unit 1s beneficial 1n
which the measurement device and/or the monitoring device
are/1s embodied for measuring and evaluating a heart rate or
a heartbeat rhythm, and 1n which the measurement device
and/or the monitoring device derive/derives the control vari-
able and/or the check variable from the heart rate or the
heartbeat rhythm respectively. Preferably, 1in the process, not
only 1s a heart rhythm measured, but 1n addition the sum total
of all electrical activities of all the cardiac muscle fibers 1s
recorded for example by means of an electrocardiogram
device, ECG device for short. In this case the control variable
or the check variable 1s then determined not just on the basis
of a change 1n the heart rhythm, but on the basis of all changes
in the electrical activities of the cardiac muscle fibers. For
example, 1t 1s provided to examine the recorded electrocar-
diogram for extra systoles or other rhythm disturbances, for
example what are called irregular R-R 1ntervals, and 1n the
event of corresponding deviations from the normal curve of
the electrocardiogram to reduce the injection rate for the
regulatory substance on the mjection device or to abort the
injection completely. It 1s particularly advantageous 1n this
case to use the aforementioned trigger ECG, which 1s pro-
vided as standard 1n any case 1n different imaging modalities.
With a minor modification, 1.e. an adaptation of the software
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for example, such a trigger ECG can additionally be used as
a measurement device and/or as a monitoring device.

Also of advantage 1s a variant of the control unit in which
the measurement device and/or the monitoring device are/1s
embodied for evaluating the image data generated by means
of the 1imaging modality and in which the measurement
device and/or the monitoring device derive/derives the con-
trol vaniable and/or the check variable from the generated
image data. For example, the cardiac function and 1n particu-
lar the movement of the cardiac walls can be measured with
the aid of instruments and from this 1n turn can be determined
the value for what 1s called the myocardial thickening, which
1s suitable both as a control variable and as a check variable.

According to a particularly beneficial embodiment of the
examination device, a central control unit of the 1maging
modality 1s provided as the control unit. In this case the
central control unit of the imaging modality takes over the
additional tasks which altematwely are fulfilled by an 1nde-
pendent control unit. Since an 1maging modality frequently
possesses a central control unit as standard in any case, the
safety concept presented here can 1n this way be realized
clifectively by retrofitting at relatively low cost even 1n medi-
cal examination apparatuses which are already 1n use. In the
most favorable case 1t 1s then simply necessary to implement
changes 1n the area of the data exchange between the 1ndi-
vidual devices of the examination apparatus as well as modi-
fications to the control software of the individual compo-
nents.

In the 1nterest of particularly good compatibility 1t 1s fur-
thermore provided in a variant of the examination apparatus
to use standardized connections, such as e.g. “CAN bus”™ or
“Bluetooth”, and standard protocols for communication
between the control unit, the imaging modality and the con-
trollable injection device.

Also beneficial 1s a control unit variant 1n which the mea-
surement device and/or the monitoring device are/is inte-
grated 1nto the imaging modality, as 1s so for example in the
above-described case of the trigger ECG, which 1s typically
part of the corresponding computed tomography system. In
such an integrated implementation the components, which
are 1n most cases embodied 1n module-like tashion, 1.e. 1n this
instance the computed tomography system and the trigger
ECG, are particularly well matched to one another.

An embodiment of the control unit 1s furthermore provided
in which a limit value 1s specified for the injection rate and/or
for the total dosage of the regulatory substance, the control
unmit preventing, preferably fully automatically, said limit
value from being exceeded by means of a corresponding
actuation of the injection device. In this case the correspond-
ing limit value 1s preferably specified at a preliminary stage of
the examination and 1s adjusted to the individual patient as
well as to the respective examination. As an example, a limit
value of approximately 5 ml per minute 1s expedient for the
injection rate.

Also provided 1s an embodiment of the control unit having
an additional safety function in which the alarm event is
triggered 11 the control variable undergoes no relevant change
within a predefined waiting time of for example 3 minutes. In
this case an incorrect 1njection of the regulatory substance
could be present, for example, for which reason the equip-
ment arrangement and 1n particular the injection device are, in
the case of the alarm event too, preferably switched to the
safety mode.

BRIEF DESCRIPTION OF THE DRAWINGS

More detail 1s provided below with reference to a sche-
matic drawing, in which:
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FIGURE shows a medical examination apparatus repre-
sented 1n a block diagram.

DETAILED DESCRIPTION OF INVENTION

In the case of the medical examination apparatus 2
described hereinbelow and represented schematically 1n FIG-
URE, a magnetic resonance tomography system 4, MRT 4 for
short, having a central control unit 6 1s used for examining a
patient by means of an imaging method. Depending on the
chosen examination method, 1t 1s additionally provided to
inject a regulatory substance into the patient. For this purpose
the medical examination apparatus 2 includes an 1njection
device 8, embodied 1n this instance by way of example as a
syringe pump, also known as a dosing pump.

The 1njection device 8 used 1n the exemplary embodiment
1s a controllable mnjection device 8 which 1s connected to the
control unit 6 of the MRT 4 for signal communication pur-
poses and which 1s actuated by way of the control unit 6. In
this way the injection of the regulatory substance and in
particular the variation with time of the injection rate of the
regulatory substance are adjusted to the chosen examination
and to the individual patient 1n order by this means to exert a
positive mnfluence on the quality and the relevance of the
image data that 1s to be generated.

Prior to the commencement of a corresponding examina-
tion the patient 1s positioned on an examination table of the
MRT 4. In addition, assuming an injection of the regulatory
substance 1s provided as 1n this case, an injection needle,
which 1s part of the injection device 8, 1s introduced into the
patient’s body, typically into a vein. An operator, that 1s to say
¢.g. a medical technical assistant (IMTA), then selects a con-
trol program for the control unit 6 by way of a console (not
shown 1n more detail), by entering a set of parameters for
example, the control program specitying how the MRT 4 on
the one hand and the injection device 8 on the other are
subsequently to be controlled during the examination.

The medical examination apparatus 2 also includes an
ECG device for determining and recording the electrical
activities of the cardiac muscle fibers of the patient, as well as
an evaluation unit 12 which, as part of the MRT 4, analyzes
and evaluates generated 1mage data.

In the case of a proposed cardiac perfusion examination,
1.e. an investigation of the blood circulation through the
patient’s heart, as described hereinbelow by way of example,
by means of the MRT 4, the blood circulation through the
heart or cardiac perfusion are measured in what 1s termed a
stress state. For this purpose the patient i1s injected with the
regulatory substance by means of the injection device 8,
whereupon the patient’s heartbeat, blood pressure and blood
flow increase. In order to ensure that a medical professional
can assess the condition of the patient as accurately as pos-
sible and reach a diagnosis, 1n this case a problematic stenosis
for example, on the basis of the image data generated over the
course of the examination, 1t 1s advantageous to carry out the
actual examination in which the 1image data 1s generated 1n a
predefined stress state, 1.e. at a predefined stress level of the
patient. It 1s important to be aware in this case that for the
patient the admimstered regulatory substance represents a
stress which 1s undesirable per se and which on the one hand
1s necessary for the purpose of the examination and on the
other hand should be kept to as low a level as possible.

For this reason the desired stress state 1s induced under very
close control and the proposed stress level 1s set with a maxi-
mum degree of precision. Toward that end a start value for the
injection rate of the regulatory substance 1s first set by way of
the control unit 6 on the injection device 8, said start value
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having been selected from a value table as a function of the
patient’s body weight. The injection rate 1s subsequently
increased gradually, for example initially by 0.5 ml per min®,
until the proposed stress level, which 1n this case 1s given by
a specific value for the blood tlow, 1s reached.

In parallel, the blood flow through the patient’s heart 1s
determined by means of the MRT 4 and the evaluation unmit 12
and supplied to the control unit 6 as a control variable. As a
function of the value of the control variable the control unit 6
thereupon varies the injection rate for the regulatory sub-
stance on the one hand and the change in the injection rate per
time interval on the other hand on the controllable 1njection
device 8 until the predefined value for the blood flow 1s
established. Accordingly, the MRT 4 together with the evalu-
ation unit 12, the control unit 6 and the 1njection device 10
embody a closed-loop control circuit with the aid of which
precisely the amount of regulatory substance 1s supplied to
the patient which 1s necessary to iduce the desired stress
level and consequently the desired stress state in the patient.
An expedient stress state 1s given for example when the blood
flow lies 20% above the value in the rest state.

Because the patient 1s subject to stress due to the regulatory
substance and the administration of the regulatory substance
therefore represents a risk to the patient, the patient’s
response to the regulatory substance 1s momtored 1n addition
by means of a monitoring device, which is realized by means
of the FCG device 10 and the control unit 6, 1n order to assure
the patient’s safety. This entails using measurement tech-
niques to measure the patient’s heartbeat and 1n particular the
heartbeat rate by means of the ECG device 10. If the heart rate
exceeds a first limit value, for example 120 heartbeats per
minute, the control unit 6 disables the regulation of the 1njec-
tion rate for the regulatory substance by means of the closed-
loop control circuit and reduces the injection rate in stages
according to a stored value table until the heart rate has
decreased again to the first limit value. If no lowering of the
heart rate 1s achieved as a result of reducing the 1njection rate
and 11 the heart rate exceeds a second limit value, for example
160 beats per minute, then the control unit 6 stops the further
injection of the regulatory substance altogether. An additional
sateguard of this kind reduces the risk of an excessive stress
being applied and hence of a critical situation for the patient.
It 1s important to take into consideration in this case that 1in
addition to the mtended effect of the regulatory substance
undesirable side-effects may also occur, such as allergic reac-
tions for example.

In order to determine the blood flow with the aid of the
MRT 4 and the evaluation unit 12 use 1s preferably made of
measurement methods which are already available in mag-
netic resonance tomography systems which are currently
deployed, 1.e. artenial spin labeling (ASL) or tlow-sensitive
sequences for example.

As a further safeguard for the medical examination appa-
ratus 2 to prevent a deficient examination 1t 1s furthermore
provided to abort the injection of the regulatory substance and
preferably the entire examination if no change 1n the control
variable, 1.e. 1n the blood flow 1n the case described by way of
example here, 1s registered by means of the imaging modality,
1.e. the MRT 4 together with the evaluation unit 12, after a
predefined waiting time, for example 3 minutes, has expired.

We claim:

1. A control unit for a medical examination apparatus,
comprising;

an 1maging modality for acquiring image data of a patient;
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a controllable 1njection device for injecting a regulatory
substance 1nto the patient to reach a proposed stress sate
of the patient 1n order to acquire the image data of the
patient; and

a measurement device for measuring a control variable of >

the patient that 1s influenced by the regulatory substance,
wherein the control unit 1s configured to:

set a limit value of the control variable,

set a start value of an 1njection rate of the injection device
for injection the regulatory substance into the patient
based on body weight of the patient,

subsequently increase the 1injection rate of the injection
device at a predefined rate until the proposed stress
state of the patient 1s reached incrementally during the

data acquisition, and

adjust the 1njection rate of the 1njection device based on
the control vaniable of the patient to sately reach the
proposed stress state of the patient during the data
acquisition, and

trigger an alarm 1f the control variable exceeds the limit
value.

2. The control unit as claimed 1n claim 1, wherein the
medical examination apparatus 1s switched to a safety mode
when the alarm 1s triggered.

3. The control unit as claimed 1n claim 2, wherein the
injection rate of the injection device 1s decreased 1n the satety
mode.

4. The control unit as claimed 1n claim 2, wherein the
injection device 1s switched off 1n the satety mode.

5. The control unit as claimed 1n claim 1,

wherein a first and a second limait value are specified for the

control variable,

wherein the injection rate of the injection device 1s reduced

when the control variable exceeds the first limit value,
and
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wherein the injection device 1s switched off when the con-
trol variable exceeds the second limit value.
6. The control unit as claimed 1n claim 1, wherein a contrast

agent 1s 1njected 1n addition to the regulatory substance.

7. The control unit as claimed 1n claim 1,

wherein the measurement device 1s embodied for measur-
ing a heart rate of the patient, and

wherein the heart rate 1s provided as the control variable.

8. The control unit as claimed 1n claim 7,

wherein the proposed stress state 1s established at a heart
rate greater than 100 beats per minute.

9. The control unit as claimed 1n claim 7, wherein the heart

rate 1n the proposed stress state 1s increased by at least 20
beats per minute compared to a rest state.

10. The control unit as claimed 1n claim 1,

wherein the measurement device 1s embodied for measur-
ing a blood pressure of the patient, and

wherein the blood pressure 1s provided as the control vari-
able.

11. The control unit as claimed 1n claim 1,

wherein the measurement device 1s embodied for measur-
ing a blood tlow of the patient, and

wherein the blood flow 1s provided as the control variable.

12. The control unit as claimed 1n claim 1,

wherein the measurement device 1s embodied for measur-
ing a heartbeat rhythm, and

wherein the heartbeat rhythm 1s provided as the control
variable.

13. The control unit as claimed 1n claim 1,

wherein the measurement device 1s embodied for evaluat-
ing the acquired 1mage data, and

wherein the evaluated image data 1s provided as the control
variable.

14. A medical examination apparatus, comprising:

a control unit as claimed 1n claim 1.

G o e = x
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